Abstract. Genomic profiling was performed on explants of late proliferative phase human endometrium after 24-h treatment with progesterone (P) or oestradiol and progesterone (17b-E 2 +P) and on explants of menstrual phase endometrium treated with 17b-E 2 +P. Gene expression was validated with real-time PCR in the samples used for the arrays, in endometrium collected from early and mid-secretory phase endometrium, and in additional experiments performed on new samples collected in the menstrual and late proliferative phase. The results show that late proliferative phase human endometrium is more responsive to progestins than menstrual phase endometrium, that the expression of several genes associated with embryo implantation (i.e. thrombomodulin, monoamine oxidase A, SPARC-like 1) can be induced by P in vitro, and that genes that are fully dependent on the continuous presence of 17b-E 2 during P exposure can be distinguished from those that are P-dependent to a lesser extent. Therefore, 17b-E 2 selectively primes implantation-related genes for the effects of P.
Introduction
Optimal development of the endometrium is an essential prerequisite for successful blastocyst implantation. Progesterone (P) is essential for secretory differentiation of endometrium, and the need for oestrogen in cooperation with P in regulating the implantation process is species-specific [1]. Our current knowledge of the cellular and molecular events orchestrating endometrial growth and differentiation prior to implantation is limited. In the natural cycle, the human endometrium is receptive during a short period, approximately 19 to 24 days after the onset of menstruation [2 -6] . Prior to and during this period, the endometrium undergoes extensive morphological and physiological changes to facilitate implantation of the embryo [2, 6, 7] . These changes are tightly controlled by oestrogen and P [6, 8, 9] . The responsiveness of the endometrium to P is partly dependent upon the pre-ovulatory changes that have occurred under the influence of oestrogen. This is illustrated by the fact that high oestrogen levels and/ or prolonged oestrogen exposure accelerates endometrial maturation, thus disturbing the synchrony of embryo and endometrial development and subsequent implantation [10, 11] . Currently, there is no clear definition and understanding of human endometrial maturation and only limited knowledge about the cellular mechanisms involved. We define mature endometrial tissue as the physiological state of the human endometrium that allows a correct response to the luteal P, resulting in implantation of the embryo and maintenance of pregnancy. Our limited understanding of the processes underlying endometrial maturation and P-controlled differentiation prior to and during implantation is largely due to the lack of relevant model systems to evaluate endometrial responses under physiologically relevant conditions. Previous work has demonstrated that explant culture of human endometrial tissue is a suitable model to study the response to oestrogen and P, most likely due to the preservation of the tissue context [12] [13] [14] . Using this model we showed previously that the responsiveness of the endometrium to oestrogen changes throughout the proliferative phase with regard to the regulation of gene expression and proliferation [12] . The present study was designed to gain more insight into the responses of human endometrium to P with regard to gene expression and into the influence of 17b-oestradiol (17b-E 2 ) on this process. To this end, global gene expression analysis was performed on human endometrial tissue fragments collected from the menstrual and late proliferative phases after shortterm culture in the presence of P and 17b-E 2 .
Materials and methods
Human endometrial tissue. Endometrial tissue was collected from 26 women (20 -45 years of age) with regular menstrual cycles who underwent surgery for benign indications. The tissue was collected from hysterectomy specimens for benign indications or by pipelle biopsies during laparoscopy for sterilisation (Pipelle catheter, Unimar Inc., Prodimed, Neuilly-Enthelle, France). It was documented that the women were not on any kind of steroid medication. All women who agreed to participate in the study signed an informed consent form according to a protocol approved by the Medical Ethical Committee of the Academic Hospital Maastricht. Tissue was transported to the laboratory in DMEM/Hams F12 medium on ice. A portion of each sample was fixed in 10 % buffered formalin for evaluation by histology. The endometrium was dated according to clinical information with respect to the start of the last menstrual period, which was reconfirmed by histological examination of the tissue [15] . Of the 26 biopsy specimens, 11 were collected in the proliferative phase [menstrual phase, cycle day (CD)1 -5, n=6; late proliferative phase, CD11 -14, n=5], and 15 were collected in the secretory phase [early secretory (ES), CD15 -18, n=7; mid-secretory (MS), CD19 -24, n=8]. Of the 11 biopsy specimens collected from the proliferative phase, 4 were used for microarray studies, and 7 were used for validation purposes with real-time PCR analysis. The biopsy specimens collected from the secretory phase were used for validation only.
Explant cultures. Human endometrium explant cultures were prepared from menstrual phase and late proliferative phase endometrium as described by Punyadeera et al. [16] . In brief, human endometrial tissue was cut into 2 -3 mm 3 pieces. A total of 24 explants were placed in Millicell-CM culture inserts (0.4 mm pore size, 30 mm diameter; Millipore, France) in 6-well plates containing 1.2 ml phenol red-free DMEM/Hams F12 medium (Life Technologies, Grand Island, NY), supplemented with Lglutamine (1 %), penicillin and streptomycin (1 %, P/S). Cultures were performed for 24 h. Previous experiments have shown that collagenase activity remains very low in proliferative endometrial tissue during the first 24 h of culture [17] and that the tissue viability is not affected after 24 h of culture [13] . The explants prepared from late proliferative phase endometrium were cultured in the presence of vehicle (0.1 % ethanol), 17b-E 2 and P (1 nM each), or P alone (1 nM). The 17b-E 2 was included to maintain the in vivo oestrogen support. In order to make inferences with regard to the responsiveness of the endometrium before and after prolonged in vivo oestrogen exposure, we also treated explant cultures prepared from menstrual phase endometrium (CD3 and CD4) with 17b-E 2 and P. To test the importance of 17b-E 2 in the response of late proliferative phase endometrium to P, 17b-E 2 was also omitted from some cultures. The steroid hormones were provided by Organon N.V. (Oss, The Netherlands). Total RNA extraction and cDNA synthesis. Total cellular RNA from explants was extracted using the SV total RNA isolation kit (Promega, USA) according to the manufacturers protocol, with slight modifications: The concentration of DNase-1 during DNase treatment of the RNA samples was doubled, and the incubation time was extended by 15 min in order to completely remove genomic DNA. Total RNA was eluted from the column in 50 ml RNase-free water and stored at À708C until further analysis. The quality of the RNA samples was determined with the Agilent bioanalyzer 2100 lab-on-a-chip (Agilent, USA). All the samples analysed gave 28S to 18S ratios higher than 1.5. PCR for a housekeeping gene, GAPDH, was performed to confirm that the RNA samples were free of genomic DNA. Total RNA (1 mg) was incubated with random hexamers (1 mg/ml, Promega) at 708C for 10 min. The samples were chilled on ice for 5 min. To this mixture, a reverse transcriptase (RT) mix consisting of 5 RT buffer (4 ml), 10 mM dNTP mix (1 ml; Pharmacia, Uppsala, Sweden), 0.1 M DTT (2 ml; Invitrogen, CA, USA), and superscript II reverse transcriptase (200 U/ml; Invitrogen) was added, and the samples were incubated at 428C for 1 h, after which the reverse transcriptase was inactivated by heating the samples at 958C for 5 min. The cDNA was stored at À208C until further use. In each real-time PCR reaction, 50 ng cDNA template was used. Affymetrix gene chip microarrays. Pooling of the RNA samples was performed according to the phase of the menstrual cycle and treatment conditions, i.e. two RNA samples from the menstrual phase (CD3 and CD4) and two RNA samples from the late proliferative phase (CD12 and CD13) were pooled. cRNA was generated from the pooled RNA and was labelled with biotin according to the Affymetrix protocol (Santa Clara, USA). cDNA was hybridised to the Affymetrix HU-133A chips, which contains approximately 22 000 human oligonucleotide probe sets, including 68 controls. The chip hybridisations were carried out in triplicate. After washing, the chips were scanned and analysed using the MicroArray suite MAS5. A detail description of the Affymetrix chip content is available at the NetAffy analysis web page (http:// www.affymetrix.com/analysis/index.affx). Microarray data analysis. Following gene chip data quality control, data files (.EXP, .DAT, .CEL) generated by MAS5 were transferred by FTP to the server housing the Rosetta Resolver Gene Expression Data Analysis System. Rosetta Resolver uses Affymetrix gene chip error models to transform the raw data into a processed form that can be used in various expression analyses and allows normalization of sample data of triplicate hybridizations using one-way analysis of variance (ANOVA) [18] . Changes in expression levels between the control and the treated samples were calculated using two criteria: (1) the absolute fold change (>2-fold)
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H. Dassen et al. Steroid regulation of gene expression in human endometrium (e.g. the ratio between treated and control samples) and (2) a corresponding p-value less than 0.01. The use of microarrays results in a massive amount of data, which requires special tools to filter and extract relevant information. By combining the fold changes or log ratios and the p-value, we generated a so-called significance code, which simplifies the selection and extraction of genes of interest, especially when analyzing various conditions. The significance code assigned to the genes was based on ANOVA-retrieved p-values and up-or downregulation compared to the untreated samples. A significance code of 1 (increased or up-regulated) was used for genes with p<0.01 and a log ratio >0; a significance code of À1 (decreased or downregulated) was used for genes with p<0.01 and log ratio <0. For genes that didnt show significant regulation, the significance code was 0 (log ratio =0 and p>0.01 independent of log ratio). Data were then exported from Rosetta Resolver to the Spotfire decision site 7.1 (Spotfire, Gçteborg, Sweden), in which gene sets of interest were visualized and subsequently selected. Data were analyzed through the use of Ingenuity Pathways Analysis (IPA, Ingenuity Systems, www.ingenuity.com). The data set containing the significantly up-and down-regulated genes and the corresponding expression values were uploaded into the application. Each gene identifier was mapped to its corresponding gene object in the Ingenuity Pathways Knowledge Base. These genes, called focus genes, were overlaid onto a global molecular network developed from information contained in the Ingenuity Pathways Knowledge Base. Networks of these focus genes were then algorithmically generated based on their connectivity. A network is a graphical representation of the molecular relationships between gene products. The gene products are represented as nodes, and the biological relationship between two nodes is represented as a line. All lines are supported by at least one reference in literature, textbook, or canonical information stored in the Ingenuity Pathways Knowledge Base. The intensity of the node colour indicates the degree of up-(red) or down-(green) regulation. Nodes are displayed using various shapes that represent the functional class of the gene product. Validation of array data using real-time PCR analysis. A selection of genes was validated with q-PCR to confirm expression in the samples used for microarray analysis. In addition, the expression of these genes was evaluated in an independent series of experiments. To confirm that the genes induced by P in vitro are indeed upregulated during the implantation window, we also assessed their expression levels in endometrial tissue collected in the ES and MS phases of the cycle. Primers and probes were purchased from Perkin-Elmer Applied Biosystems as pre-developed assays. Human cyclophilin A was selected as an endogenous RNA control in order to normalize for differences in the amount of total RNA added to each reaction. Uncultured human endometrial tissue was included as a positive control. All PCR reactions were performed using an ABI Prism 7700 sequence detection system (Perkin-Elmer Applied Biosystems). The thermal cycling conditions comprised an initial decontamination step at 508C for 2 min, a denaturation step at 958C for 10 min, and 40 cycles of 15 s at 958C, followed by 1 min at 608C. Experiments were performed for each sample in duplicate. Quantitative values were obtained from the threshold cycle number (Ct), at which the increase in the signal associated with exponential growth of PCR products was first detected with the ABI Prism 7700 sequence detector software (Perkin-Elmer, Foster city, CA) The fold-change in expression was calculated using the DD Ct method, with cyclophilin A mRNA as an internal control [19] . For a detailed description of the procedure, please refer to the ABI user manual (http://www.uk1.unifreiburg.de/core/facility/tagman/user_bulletin_2.pdf). Statistical analysis of real-time PCR results. Statistical tests were carried out using the SPSS 11 (SPSS Inc., Chicago, IL) statistical analysis package. The effects of 17b-E 2 +P and P alone on cultured explants were analysed using the nonparametric paired Wilcoxon signed rank test at a confidence level of 95 %. The nonparametric unpaired Mann-Whitney U test at a confidence level of 95 % was employed to analyse the real-time PCR data generated from uncultured ES phase endometrial tissue and uncultured MS phase endometrial tissue.
Results
Validation of array data with quantitative real-time PCR. Eight genes were selected from the initial dataset on the basis of fold-change (!2-fold) and on literature-documented expression during the implantation window: (1) four genes previously described in literature to be up-regulated during the implantation window and selectively stimulated by 17b-E 2 +P in late proliferative phase but not menstrual phase endometrium (Dickkopf homolog 1, DDK1; thrombomodulin, THBD; monoamine oxidase A, MAOA; gastrin, GAS) [2, 20, 21] ; (2) two genes not yet reported that were selectively stimulated by 17b-E 2 +P in late proliferative phase explants but not in menstrual phase explants (cytidine deaminase, CDA; SPARC-like 1, SPARCL1); and (3) two genes that were selectively stimulated by 17b-E 2 +P in menstrual phase explants but not in late proliferative phase explants (trefoil factor 1, TFF1; mammaglobin 1). The real-time PCR results corroborated well with the array data (Table 1) . We performed additional independent experiments to validate the observed effects of treatment with 17b-E 2 +P and P alone (Fig. 1) . From the validated genes, DKK1, MAOA and SPARCL1 were significantly stimulated by P in late proliferative and menstrual phase explants both in the presence and absence of 17b-E 2 . The induction of SPARCL1 expression by P was significantly decreased in the presence of 17b-E 2 in both menstrual and late proliferative phase explants. The response of DKK1 to P was higher in the late proliferative phase explants than in the menstrual phase explants, whereas the induction of mammaglobin expression by 17b-E 2 +P and P alone was more pronounced in menstrual phase than in late proliferative phase endometrium. Thrombomodulin expression was induced only by P in late proliferative phase explants. The expression of DKK1, THBD, MAOA, GAS, CDA and SPARCL1 was also assessed in an independent series of ES and MS endometrial samples to confirm selective up-regulation in the implantation window. The expression levels are presented in Fig. 2 . The expression of DKK1, MAOA, CDA and SPARCL1 was significantly higher in MS endometrium compared to ES endometrium. Gene expression in menstrual and late proliferative phase endometrial tissue explants after 17b-E 2 +P or P treatment. Treatment of late proliferative phase endometrial tissue with 17b-E 2 +P up-regulated (!2-fold) the expression of 110 gene transcripts and downregulated (!2-fold) the expression of 109 gene transcripts when compared to the control (vehicle) ( Table 2 ). Treating late proliferative phase explants with P alone up-regulated (!2-fold) the expression of 107 gene transcripts and down-regulated (!2-fold) the expression of 54 gene transcripts when compared to the control (vehicle) ( Table 3) . A total of 77/107 upregulated and 42/54 down-regulated genes were also modulated by 17b-E 2 +P treatment in late proliferative phase explants ( Table 3 ). The response of menstrual phase endometrium to 17b-E 2 +P was less pronounced than that of late proliferative phase endometrium. Treatment of menstrual phase endometrial tissue with 17b-E 2 +P up-regulated (!2-fold) the expression of only 38 gene transcripts and down-regulated (!2-fold) the expression of 79 gene transcripts when compared to the control sample (vehicle) ( Table 4) . Almost all genes modulated by 17b-E 2 +P in late proliferative phase endometrium were specific for that phase of the cycle. Of the 110 up-regulated (!2-fold) gene transcripts, 100 were expressed in late proliferative phase explants and not menstrual phase explants; of these, 10 gene transcripts were documented to be up-regulated during the window of implantation (Table 5) . Of the 107 down-regulated (!2-fold) gene transcripts, 102 were selective for late proliferative phase explants; of these, 7 genes were documented to be down-regulated during the implantation window (Table 5 ). The genes regulated by 17b-E 2 +P in both menstrual and late proliferative phase explants are presented in Table 6 . Ingenuity Pathways Analysis. Ingenuity Pathways Analysis revealed various significant networks of interconnected focus genes after treatment with 17b-E 2 +P. In late proliferative phase endometrium, five highly significant networks were identified. Network 1 Figure 3 . In contrast, in menstrual phase endometrium only two highly significant networks were extracted from the data. One network connected CCL5, TNFS11, INTGB3, MAPK8 and ESR1. The second network linked IFGBP3, TGFb2, FGF2, HGF, PDGFA, MMP9, PTGS2, RARb and EGR1. The latter network is presented in Figure 2 .
Discussion
Previous work in our laboratory has shown that explant cultures of human endometrial tissue are biologically relevant in vitro models to investigate oestrogen regulation of gene expression and proliferation [12, 16] . With regard to progestins, it has been shown that tissue cultures of human endometrium are also responsive, as evidenced by the suppressive effects on the production and activation of MMPs [12 -14] . The present study was designed to gain more insight into the responses of human endometrium to P with regard to gene expression and the influence of 17b-E 2 . The results show that in explant cultures of human endometrium, the expression of genes that have been implicated in the process of embryo implantation can be modulated by 17b-E 2 and P. Research Article Table 2 . Genes affected by 17b-oestradiol and progesterone (17b-E2+P) in explants of late proliferative phase endometrium. Research Article Research Article Research Article Research Article Gene transcripts regulated (!2-fold) by progesterone alone in late proliferative phase explants when compared to the vehicle-treated controls. Data are presented as fold changes. The genes in bold were not found to be modulated by 17b-oestradiol and progesterone (17b-E 2 +P). Research Article Research Article Gene transcripts regulated (!2-fold) by 17b-oestradiol and progesterone (17b-E 2 +P) that have also been reported to be altered during the window of implantation (by Riesewijk et al. [2] , Carson et al. [20] and Kao et al [21] ). Figure 4 . Relative expression levels of gene transcripts for DKK1, THBD, MAOA, GAS, CDA and SPARCL1 in early secretory (n=7) and mid-secretory (n=8) endometrium, which represent endometrial tissues exposed to low (pre-implantation window) and high (implantation window) progesterone concentrations, respectively (*p<0.05).
The number of gene transcripts regulated by P in late proliferative phase explants was almost twice the number regulated in menstrual phase explants, indicating that oestrogen priming sensitizes the endometrium for P regulation, most likely by induction of P receptor gene expression [16] . In addition, most of these genes were specifically modulated in the late proliferative phase endometrium. Of these genes (n=100), at least 17 were previously described to be regulated in the implantation window (Table 5) [2, 20, 21] . Three examples of such genes are DKK1, MAOA and SPARCL1. Regulation of expression by 17b-E 2 +P and P alone was confirmed with real-time PCR in both explant cultures and endometrium biopsy specimens collected during the implantation window and ES phase. These findings demonstrate that the expression of genes associated with the implantation window can be modulated in explant cultures of human endometrium and that for most of these genes, prolonged in vivo exposure to 17b-E 2 is required for adequate P regulation. These findings also support the hypothesis that variations in the duration of 17b-E 2 priming can affect the response of the endometrium to P and therefore the subsequent implantation process [11, 22] . The number of implantation-associated gene transcripts, however, was rather low. This could be because the culturing of explants alters the physiology of the tissue and therefore its steroid responsiveness or because, as shown for prolactin and IGFBP1, in some cases prolonged exposure to P is required for genes to respond [23] ; the latter finding is supported by a report from Kao and coworkers showing that many genes up-regulated in the implantation window are not yet regulated in ES endometrium, at which time the endometrium has been exposed to P for only a short time [21] . Explant cultures are therefore appropriate models to study immediate responses of human endometrium to oestrogens and progestins ex vivo but do not allow investigation of the entire spectrum of implantation-associated genes. The low number of implantation-related genes identified may also be a result of the relatively low number of samples used for the initial microarray hybridizations, which increases the likelihood of missing relevant genes and the chance of generating false positives. At the time the microarray experiments were performed, we opted to carry out a limited number of array hybridizations so that we could apply rigorous statistical procedures and perform extensive validation of selected genes for both the array samples and samples from additional independent experiments. Rockett and Hellmann asked the questions: how many genes should we pick for validation, and which genes should we pick? The authors argue that genes can be selected to ensure successful confirmation, i.e. by selecting genes that have changed more than 4-fold [24] or by selecting genes that have been reported to be changed in similar models or conditions [25] . We selected six genes primarily based on the fact that their expression is altered during the implantation window. In addition, we selected two genes that have not yet been reported in the endometrium. With the exception of DKK1 (more than 5-fold induction), the expression of the selected genes changed less than 3-fold. We could confirm steroid regulation for four of eight genes in independent experiments, which justifies our approach. Rockett and Hellmann also questioned the additive value of corroborating the findings of microarray experiments with alternative means of quantitating the mRNA abundance of a limited number of genes of the array [25] . The vast majority of studies published state that the DNA array data can be corroborated, indicating that the array data are reliable as long as the experimental design and statistical analysis is sound. Even in high-impact journals, studies that have not been validated are being published; Goodman illustrated this by showing that our of 28 microarray papers in Science, Cell and Nature published in 2002, only 11 reported corroborative studies [26] . It is evident that clear standards, such as the guideline Minimal Information about a Microarray Experiment (MIAME), in the confirmatory studies area are necessary [25] . A clear distinction could be made between genes that are regulated by P irrespective of the presence of 17b-E 2 and genes for which the expression is clearly influenced by the continuous presence of 17b-E 2 .
Many genes modulated by P alone were similarly modulated in the 17b-E 2 +P-treated explants (119/161 P-modulated genes), however, 42 of the P-modulated genes were not affected in the 17b-E 2 +P-treated explants. Also, of the 219 17b-E 2 +P-modulated genes, 117 were not modulated by treatment with P alone. This clearly indicates that the expression of a subset of genes is sensitive to the continuing presence of 17b-E 2 .
It also indicates that in vivo priming of CD12 and CD13 endometrium is remembered by the tissue in vitro, leading to similar expression patterns for certain genes induced both in the absence and presence of 17b-E 2 .
A good example of genes for which expression is known to be suppressed by P, but which were only suppressed by P in the presence of 17b-E 2 , are various members of the MMP family [12 -14] . Only the expression of MMP11 was suppressed by P alone; the expression of MMP1, -3, -14 and -27 was only suppressed in the presence of 17b-E 2 . Similarly, cystic fibrosis transmembrane conductance regulator (CFTR) was suppressed in 17b-E 2 +P-treated explants but not in P-treated explants, suggesting that continued presence of 17b-E 2 is required for the downregulation of CFTR. This corresponds with the finding that CFTR is highly expressed in the human endometrium around the ovulatory period [27] and is responsive to both 17b-E 2 and P. Some genes were induced by 17b-E 2 +P in both menstrual and late proliferative phase explants (i.e. alkaline phosphatase, ALPP; monoamine oxidase, MAOA; secretoglobin family 1, member D, SCGB1D2; CFTR; P450 cytochrome family 26 subfamily A, CYP26A), indicating that the expression of these genes does not depend on prolonged in vivo oestrogen priming of the endometrium. A particularly interesting observation in this regard is the upregulation of expression of the CYP26A gene in both menstrual and late proliferative phase endometrium by 17b-E 2 +P and, to a lesser extent, by P alone. This enzyme is responsible for the metabolism of the active retinoid metabolite all-trans retinoic acid. The importance of controlling retinoid levels in the uterus is illustrated by the fact that vitamin A deficiency in women, nonhuman primates and laboratory animals is associated with pregnancy failure and developmental defects [28 -30] , whereas excess vitamin A levels are detrimental to blastocyst development [31] and the decidualization process [32] . Uterine vitamin A levels in women increase in the presence of oestrogens [33, 34] , most likely as the result of up-regulation of retinaldehyde dehydrogenase (RALDH2), a critical enzyme in retinoic acid (RA) biosynthesis [35] . Since retinoids are morphogens and essential for epithelial cell growth [36] , they may be involved in the regeneration, growth and differentiation of the endometrial epithelium after menstruation. The induction of CYP26A expression by P in the secretory phase most likely serves to inactivate excessive amounts of retinoids. Databases can be explored with several different bioinformatics tools. We have employed the Ingenuity Pathways Analysis (IPA) program, which has the added advantage that it is an evidence-based data mining tool. In contrast to most other bioinformatics tools, which annotate certain functions to gene products, the IPA program includes any reported interaction between two genes, whether it involves regulation of gene or protein expression, proteinprotein interactions or enzymatic conversion (for example, phosphorylation). It is therefore a continuously growing database and, by the nature of its development, not complete. It is not unusual that the most affected genes are not presented in the networks. The networks present groups of genes that have a proven biological relationship. The nodes in these highly significant networks presumably represent genes that have important modulatory roles. When interpreting the data, one has to realize that the IPA database is biased in that certain genes have received more attention than others and therefore have a higher likelihood to be included in a network. However, the continuously growing database will allow reanalysis of the data in the future, which may reveal novel unidentified relationships between genes or groups of genes. The significant suppressive actions of P on nodes representing immunomodulators were immediately apparent; these included IL-1b, IL-8, COX2, the chemokine CCL5 and members of the TGF-b superfamily (TGF-b2 and -3, INHBA and their signalling molecules SMAD2 and -3). At the end of the secretory phase, a rapid influx of leukocytes, consisting mostly of NK cells and macrophages, into the endometrium can be observed; this is believed to be the result of the disappearance of P suppression on key inflammatory mediators [37, 38] . Apparently, these immunosuppressive actions of P can at least partly be mimicked in the explant model by short-term incubation with 17b-E 2 and P.
One of the few nodes present in highly significant networks identified by the IPA program in both 17b-E 2 -and P-treated menstrual and late proliferative phase endometrium was FGF2 or basic fibroblast growth factor (bFGF). FGF2 expression is suppressed by P. The significance of this finding is illustrated by the fact that FGF2 inhibits the decidualization process in human endometrial stromal cells [39] and should therefore be controlled by P during the secretory phase. FGF2 is an important mitogenic and angiogenic factor that is expressed as different isoforms synthesized through the alternative use of translation initiation codons [40] . In human endometrium, only the smallest 18-kD isoform is present [41] . It is located predominantly in the cytoplasm and is stored in the extracellular matrix [42] . FGF2 is released mostly during menstruation and the early proliferative phase and is expressed in blood vessels throughout the menstrual cycle [41, 43] . The FGF receptors, however, are not expressed in blood vessels except during the MS (FGFR2) and late secretory phases (FGFR1 and FGFR2). Blood vessels may therefore not be the main target of FGF2. FGF2 receptors are predominantly found in the epithelial compartment [44] , suggesting that FGF2 is involved in the control of regeneration and growth of epithelial cells in a paracrine fashion. FGF2 is known to regulate proliferation of various cell populations of the bone marrow [44] , which were shown to be of eminent importance for regeneration of the human endometrium [45] .
In conclusion, explant culture of human endometrium is a biologically relevant in vitro model system that allows the investigation of steroid regulation of gene expression in the tissue context. Regulation of the expression of several genes associated with embryo implantation can be mimicked in vitro. We showed that expression of thrombomodulin, monoamine oxidase A and SPARCL1 is regulated by progestins. Only a subset of implantation-associated genes was modulated in the short-term explant cultures; however, we clearly showed that we can distinguish genes that require continuous presence of 17b-E 2 from those that depend on P only. Therefore, 17b-E 2 selectively primes implantation-related genes for the effects of P.
